Abstract The removing of ferric ions (Fe 3? ) from aqueous solution using natural feldspar (NF) has been studied in a batch operation mode. The factors affecting of the sorption equilibrium, such as contact time, initial concentration of the ferric ions (Fe 3? ), feldspar dosage concentration and temperature, were investigated. The maximum removal is 93 % (approx.) using low-level concentration of Fe 3? ions (30 mg L -1 ) and high dosage concentration (40 g L -1 ). The adsorption equilibrium is achieved during the first 90 min. Freundlich model has successfully analyzed the equilibrium of isotherms with R 2 = 1. The adsorption mechanism of aqueous ferric ion on NF follows Freundlich isotherm models (R 2 = 0.997). The capacity (K f ) and intensity (1/n) of Freundlich adsorption are 1.70 and 0.621, respectively. The results reveal that the adsorption mechanism of ferric ion on NF is chemisorptions, heterogeneous multilayer and spontaneous in nature (DG = -19.778 kJ mol -1 ). Adsorption reaction kinetic models, such as pseudo-first order and pseudosecond order, and adsorption diffusion model, such as Weber-Morris intraparticle diffusion model, have been used to describe the adsorption rate and mechanism of the ferric ion onto NF surface. Adsorption of ferric ion on the NF has achieved Lagergren pseudo-second-order model (R 2 = 1.0 approx.) more than Lagergren pseudo-first-order model. The kinetic parameters, rate constant and sorption capacities have been calculated. The new information in this study suggests that NF could be used as a novel filtering materials for removing ferric ions from water.
Introduction
Jordan has adopted several approaches to meet the challenges of water shortages. One of these approaches is to increase water resources in terms of the establishment of dams and drilling of artesian wells. Unfortunately, the industry has become a real source of the contamination of these water resources with heavy metals, e.g., iron ions. The presence of iron ions more than health level (\0.3 mg L -1 ) may cause anorexia, oliguria and diphasic shock (Brezonik 1974) . In addition, it can give a metallic taste and odor to water (Zamzow and Murphy 1992) . Due to these problems, a special attention should be paid on the removing or decreasing iron ion contents from industrial water effluents.
Traditional and numerous techniques are presented for removing the dissolved heavy metals out of the water system, including ion exchange, precipitation, phytoextraction, ultra-filtration, reverse osmosis and electrodialysis (Appegate 1984; Sengupta and Clifford 1986; Geselbarcht 1996) . Unfortunately, some of them are not economically feasible and good for removing the heavy metal ions at the trace level or high level. Therefore, adsorption onto natural solid adsorbent is reported to be the potential alternative technique to purify the aqueous system (Bernardo et al. 2008; Tinschert et al. 2000) . Among these, adsorbents are activated carbon (Edwin Vasu 2008) , chitin (Karthikeyan et al. 2005) , chitosan (Burke et al. 2002 and Wan et al. 2005) , egg shells (Yeddou and Bensmaili 2007) , olive cakes (Al-Anber and Al-Anber 2008a), zeolite (AlAnber and Al-Anber 2008b), jojoba seeds , quartz and bentonite (Al-Anber 2010) . Based on the these recent works, natural feldspar (NF) is considered one of the natural inorganic materials that show remarkable potential toward removing of toxic heavy metals from aqueous solutions. For example, high atomic densities Pb, Ni, Cd, Cu and Zn ions have been removed from aqueous solutions (Aşçı et al. 2008; Fraga 2005; Liu et al. 2007; Wang et al. 2006; Pan and Lu 2008) .
Natural feldspar (NF) exists in different parts of Jordan especially in the Aljeich region in southern part of Jordan. The feldspar is extracted from granite that located in the valleys. Feldspar is the most important single group of rock forming silicate minerals (Apodaca 2008, Wikipedia) . There are four chemically district group of feldspar: potassium feldspar (KAlSi 3 O 8 ), sodium feldspar (NaAlSi 3 O 8 ), calcium feldspar (CaAlSi 3 O 8 ) and barium feldspar (BaAlSi 3 O 8 ) (Disediakan Oleh and Ariffin 2003) . These kinds of feldspars are an important ingredient in the manufacturing of glass (Bernardo et al. 2008) , fabrication of ceramics materials (Tinschert et al. 2000) and paint (Michael et al. 2006) . The major constituents of NF surface are alumina and silica. A surface functional group of feldspar is a plane of oxygen atoms bound to the silica and hydroxyl groups that are associated with the silicate structural units (Awan et al. 2003; Donald 1998 ). These functional groups provide surface sites for the chemisorptions of metal ions (Murray 1994) . The adsorption process via NF considers the potential alternative for removing Fe 3? ions especially for these countries of limiting resources. This is due to the several reasons, for example, it has easy handling, low cost, naturally occurring, huge quantity and safe for the environment.
Herein, feldspar surface can be used for removing highlevel concentration of Fe 3? ions from a model aqueous solution. The equilibrium distribution of ferric ion between the sorbent and the solution is important in determining the maximum sorbent capacity. The two isotherm models (Langmuir and Freundlich) will be used to assess the different isotherms and their ability to correlate experimental data. The Langmuir equation is chosen for the estimating the maximum adsorption capacity corresponding to complete monolayer coverage on the feldspar surface. The Freundlich model is chosen to estimate the adsorption intensity of the sorbent toward the feldspar.
Materials and methods

Natural feldspar (NF)
Natural feldspar as non-treated was supplied from the Directorate of Laboratories in the Natural Recourses Authority of Jordan. NF was ground and then screened into a size fractions of 250 lm using standard Tyler screen series. In order to remove carbonate and other impurities, chemical treatment was performed by adding three kinds of solution of HCl (0.1 moL L -1 ), HNO 3 (0.1 moL L -1 ) and NH 4 Cl (0.1 moL L -1 ) to the NF fractions, respectively. After 24 h, the solid phases were separated from the solution. NF was then washed with excessive amounts of double de-ionized water until the filtrate gave a negative test for the chloride ion upon addition of several drops of 0.1 moL L -1 AgNO 3 solution to a sample from the filtrate. After the calcinations (400-450°C), NF fractions were stored in an oven at 110°C.
Reagents
All chemicals were used as received as analytical grade. Fe(NO 3 ) 3 Á6H 2 O was purchased from Fluka AG (Buchs, Switzerland).
and HCl (0.1 mol L -1 ) were purchased from Merck (Darmstadt, Germany). A stock solution of ferric ion ions was prepared by dissolving an exact amount of Fe(NO 3 ) 3 Á6H 2 O (±0.01 g) in 990 mL ultrapure deionized water (18 X cm), and then, 10 mL of HNO 3 must be added to complete the total volume of solution to 1,000 mL. Standard ferric ion solutions of 30, 50, 100, 150 and 200 mg L -1 were prepared by appropriate dilution. An ''initial'' pH and its subsequent adjustment for all experimental runs were conducted \1.20 at the maximum value. The initial pH of the solution was adjusted using 1 % HNO 3 for all experiment runs.
Apparatus and instruments
The metal concentration in the solution was measured using the atomic absorption spectrophotometer, AAS (PerkinElmer Analyst 300). The chemical analysis of the feldspar was determined using X-ray fluorescence (XRF) analyzers (Desktop Elemental XRF Analyzer: EX-310). The mixtures were mixed by a thermostatic mechanical shaker at constant temperature (20, 30 and 40°C, Isothermal Gefellschaft Fur 978) . To ensure accuracy in preparation, analytical balance is used (Sartorius, CP324-S/ management system certified according to ISO 9001).
Equilibrium studies
The uptake of ferric ion (Fe 3? ) was calculated from the mass balance, which was stated as the amount of Fe 3? ions adsorbed onto the NF. It equal the amount of Fe 3? ions removed from the aqueous solution. Mathematically can be expressed in Eqs. 1-2: 
where v is the initial volume of Fe 3? ions solution used (L) and m is the mass of NF adsorbent.
The percent adsorption (%) was also calculated using the following equations
Effect of the initial concentration of NF were shaken vigorously using thermostatic mechanical shaker for 3.0 h. The agitation speed (300 rpm) was kept constant for each run to ensure equal mixing. At the end of the equilibrium time, the flasks were removed from the shaker and then the solution was filtered using filter paper (Whatman No. 41) . The filtrate samples were analyzed. All the reported results were the average of at least triplicate measurements.
Effect of the temperature
The adsorption experiments were carried out by shaking vigorously the stopper plastic flasks containing 50 mL of 100 mg L -1 of ferric ions solution (initial pH = 1.15) and 10 g L -1 of NF using thermostatic mechanical shaker at constant contact time (3 h) and agitation speed (300 rpm) with variant temperatures (30, 40 and 50°C) . At the end of the equilibrium time, the flasks were removed from the shaker and then the solution was filtered using filter paper (Whatman No. 41) . The filtrate samples were analyzed. All the reported results were the average of at least triplicate measurements.
Effect of dosage
Adsorption measurements were made by a batch technique at temperature of 30 (±1°C). Different doses of NF (2, 6, 10, 20, 30 and 40 g L -1 ) were placed in a 100-mL stopper plastic flask containing 50 mL of 100 mg L -1 of ferric ions solution (initial pH = 1.15). The solutions were shaken vigorously (agitation speed = 300 rpm) using thermostatic mechanical shaker for 3.0 h. At the end of the equilibrium, the flasks were removed from the shaker and then solution was filtered using filter paper (Whatman No. 41). The filtrate samples were analyzed. All the reported results were the average of at least triplicate measurements.
Effect of particle size
Adsorption measurements were made by a batch technique at temperature of 30 (±1°C). The temperature was fixed by a thermostatic mechanical shaker. Different particle sizes (45, 125 and 250 lm) of NF were placed in a 100-ml stopper plastic flask containing 50 mL of 100 mg L -1 of ferric ions solution (initial pH = 1.15). The solutions were shaken vigorously (agitation speed = 300 rpm) using thermostatic mechanical shaker for 180 min. At the end of the equilibrium time, the flasks were removed from the shaker and the NF was then filtered using filter paper (Whatman No. 41). The filtrate samples were analyzed. All the reported results were the average of at least triplicate measurements.
Effect of contact time
The adsorption experiments were carried out by shaking 0.5 g of the NF with 50 mL of 100 mg L -1 of ferric ions solution (initial pH = 1.15, dosage = 10 g L -1 ). The solutions were shaken vigorously using thermostatic mechanical shaker at constant temperature (30°C) and dosage (10 g L -1 ). The agitation speed was fixed at 300 rpm for a known period in the interval of 5-180 min with increment of 10 min from 10 to 60 min and then 30 min from 60 to 180 min. At the end of the predetermined time, the filtrate samples were analyzed. All the reported results were the average of at least triplicate measurements.
Results and discussion
X-ray fluorescence (XRF) analysis X-ray fluorescence (XRF) analysis was carried out on the crude NF to determine its chemical compositions. Table 1 shows the chemical composition of NF. It can be seen that SiO 2 and Al 2 O 3 are two major components of NF. X-ray diffraction analysis indicated that the NF is rich in orthoclase, plagioclase, quartz and microcline. It was found that the chemical group of feldspar is a mixture of potassium feldspar (KAlSi 3 O 8 ) and sodium feldspar (NaAlSi 3 O 8 ) and trace calcium feldspar (CaAlSi 3 O 8 ). Other metal oxides are present in traces or small amounts. These results are found agree with the Natural Resources Authority of Jordan (Natural 2006).
Calcinations did not lose the original silica. It was used due to the decomposition of last concentrations of carbonates and organic matter as well as dehydration of the structural and adsorbed water. The removing of original soluble metals in the NF can be tested using EDTA. The test was performed by adding several drops of 1.00 9 10 -3 mol L -1 EDTA solution (pH = 10) and 2 ml of NH 3 /NH 4 Cl buffer to an approximately 5 ml sample from the filtrate. A suitable volume of Eriochrome black T is added to solution as indicator. The negative test for the presence of metal ions is indicated by appearing the blue color of solution. NF was then washed with excessive amounts of double-distilled water until the filtrate gave a negative test for chloride ion upon addition of several drops of 0.1 moL L -1 AgNO 3 solution to a sample from the filtrate.
The sorption of Fe 3? ions over NF could be performed through the suggested chemisorptions mechanistic through the binding of Fe 3? ion with the functional group of feldspar. The Fe 3? -NF adsorption system has achieved Lagergren pseudo-second-order model (R 2 = 1.0). This can support the suggestion of chemisorptions mechanistic between ferric ion and NF as reported in ''Kinetic Modeling of Fe 3? Sorption'' section of this study (Ho 2004 ). Based on this suggested sorption mechanism, the effect of contact time, dosage, initial concentration and temperatures was considered in our explanations.
Effect of Fe 3? ions Concentration
The water resources in Jordan contain varying proportions of iron ions, starting from low level to high. For this, we have used 30, 50, 100, 150 and 200 mg L -1 to achieve the current and future requirements. Figure 1 shows the removal percentage of Fe 3? ions using NF under the influence of these initial concentrations (30, 50, 100, 150 and 200 mg L -1 ). The removal percentage decreases with increasing the initial concentration of Fe 3? ions. For example, the removal percentage was 93 % using low-level concentration (30 mg L -1 ), while it was 81 % using high level (200 mg L -1 ). At high-level concentrations, the available sites of adsorption become fewer. This behavior is connected with the competitive diffusion process of ferric ions onto NF surface. The presence of high ferric ion amount lead to plugging the inlet pores of NF surface, and this prevents ferric ion to pass deeply inside. This could decrease the total surface area and an increase in diffusion path length. This could contribute in decreasing the adsorbed amount per unit mass (AL-Ghezawi et al. 2010; Bhattacharyya and Gupta 2006; Yu et al. 2000) . These results indicate that energetically less favorable sites by increasing metal concentration in aqueous solution. This result compatible with the recent studies, for example natural olive cake (Al-Anber and Al-Anber 2008a), zeolite (Al-Anber and Al-Anber 2008b), bentonite and quartz (AlAnber 2010) in addition to other reported example by Lakshminarayanan Rao et al. (1994) and Karthikeyan et al. (2005) .
Effect of temperature
The adsorption mechanism can be detected by studying the temperature effect factor (Al-Anber 2011). The adsorption mechanism is often an important indicator to describe the type and the level of interactions between the Fe 3? ions , 180 min, 10 g L -1 dosage of NF, 30°C and 300 rpm and NF adsorbent. The influence of temperature on the removal of Fe 3? ions from the aqueous solution has been studied through the applied of a variety of temperatures between the ranges of 30-50°C (see Fig. 2 ). The chemisorptions of Fe 3? ions on NF surface has been found nonhighly affected by raising the value of temperatures. The maximum removal percentage was 90 % and achieved at 50°C, while the lowest percentage was 87 % at a temperature of 30°C. This indicates to the weakly chemical interaction of Fe 3? ions with NF surface (chemisorptions) (Mouflih et al. 2006 ). This type of interaction is typical to the adsorption of the aqueous Co 2? ions on the natural Tripoli (NT) (AL-Ghezawi et al. 2010 ).
Dosage effects
The removal percentage of Fe 3? ions from 100 mg L -1 aqueous solution using different dosages of NF (2, 6, 10, 20, 30 and 40 g L -1 ) has been described in the Fig. 3 . The removal percentage increases sharply as the adsorbent dose increases. This is due to the reason for increasing the number of the adsorption site in the NF adsorbent (Siddique et al. 1999) . The maximum removal (93 % approx.) has been observed using the dosage of 40 g L -1 .
Effect of particle size Figure 4 represents the removal percentage of Fe 3? ions from 100 mg L -1 aqueous solution using different particle sizes of NF (45, 125 and 250 lm). The maximum removal percentage is achieved with particle size 45 lm (88 %). The smaller particle size is found to be more efficient than the larger size; this is attributed to the increasing availability and accessibility of the adsorption surface. Availability is related to the equilibrium behavior of the adsorption system (available functional group is the one that can be reacted with the ferric ion). Accessibility is related to the kinetic behavior of the ferric ion adsorption system. It expresses the ease of reacting and adsorbing ferric ion onto the surface functional group of NF.
Adsorption isotherm
The equilibrium distribution of Fe 3? ions between the NF and the solution is important in determining the maximum sorption capacity. Several isotherm models are available to describe the equilibrium sorption distribution. Two models are used to fit the experimental data: Langmuir and Freundlich models ( The linear form of Langmuir model is given by
where q e : Fe 3? ions amount (mg) on the NF (g) at equilibrium (mg g -1 ); and q max is the maximum metal ions uptake per unit dosage of adsorbent (mg g -1 ), which is related to adsorption capacity and b is Langmuir constant (L g -1 ) which is exponentially proportional to the heat of adsorption as well as it related to the affinity of binding sites and is a measure of energy of adsorption. Therefore, a plot of C e =q e versus C e gives a straight line of slope 1=q max and intercept 1=ð q max bÞ. The thermodynamic and the equilibrium results were obtained at the 1 % HNO 3 model solution of Fe 3? ions, which are summarized in the Table 2 .
The Langmuir isotherm model is applied to the experimental data giving a correlation regression coefficient (R 2 = 0.936), which is a measure of goodness-of-fit and the general empirical formula of the Langmuir model by On the other side, Freundlich model is commonly used to describe the adsorption characteristics for the heterogeneous surface. It represents an initial surface adsorption followed by a condensation effect resulting from strong adsorbate-adsorbate interaction.
The linear form of Freundlich model is also given by
where K F and n are Freundlich constants determined from the slope and intercept of plotting ln q e versus ln c e : Figure 5 represents the fitting experimental data into the Freundlich model. The empirical formula of this model is found as ln q e ¼ 0:622 ln c e þ 0:531 with R 2 value equals to 0.997. The Freundlich model has a better fitting model than Langmuir; as the former have higher correlation regression coefficient than the latter. Furthermore, we have found that the experimental isotherm, as shown in Fig. 6 with R 2 = 0.998, is largely identical with the Freundlich isotherm model. The smaller value of the heterogeneity parameter (1/n) means the greater the expected heterogeneity (Kinniburgh 1985; Kinniburgh 1986; Kannan and Meenakshisundaram 2002) . The results exhibit a value of 1/n (0 \ (1/n) \ 1) indicating the more heterogeneous chemisorptions of Fe 3? ions over the surface of NF (AlAnber 2011).
The effect of isotherm shape is discussed from the direction of predicting the weather, and adsorption system is ''favorable'' or ''unfavorable.'' It was previously reported (Al-Anber 2011) that the dimensional analysis, separation factor or equilibrium parameters ''R L '' were as an essential feature of the Langmuir isotherm to predict adsorption system to be ''favorable'' or ''unfavorable'' by Eq. 7: (Karthikeyan et al. 2005) where C i is the initial ferric ion concentration mg L -1 . The calculated R L was 0.1785, indicating for the favorable adsorption.
The apparent Gibbs free energy of sorption (DG 0 ) is the fundamental criterion of spontaneity. Reaction occurs spontaneously at a given temperature if DG 0 is negative in value. The standard Gibbs free energy change (DG 0 ) for the adsorption of Fe 3? ion on the NF surface can be calculated using the following thermodynamic equation
wherein, R is universal gas constant (8.314 J mol -1 K -1 ) and T is the absolute temperature in Kelvin and b is the equilibrium constant, related to the Langmuir constant, b (=0.046).
where M A is the molar weight of sorbate, where Table 2 , have compared with the adsorbents such as natural bentonite (NB), natural quartz (NQ), olive cake (OC), natural zeolite (NZ) activated carbon, eggshell, chitosan and chitin. Apparently, the maximum sorption of Fe 3? ions onto NF is greater than chitin, carbon, NZ, NQ and NB.
Kinetic modeling
The kinetics sorption describes the removal rate of Fe 3? ion from the 100 mg L -1 of aqueous solution. Evidently, this rate controls the residence time of Fe 3? ions at the NF solid-liquid interface. The kinetic sorption was analyzed using two kinetic models including the pseudofirst order and pseudo-second order.
Effect of contact time
The kinetics sorption of Fe 3? ion governs the rate using batch sorption systems. It determines the residence time and defining the efficiency of an adsorbent. Consequently, it is important to establish the time dependency of such systems for various pollutant removal processes. Therefore, the required contact time for sorption to be completed is important to give insight into a sorption process. This also provides information on the minimum time required for considerable adsorption to take place. In addition, it provides the possible diffusion control mechanism between the Fe 3? ions as it moves from the bulk solution toward the NF surface.
The role of contact time was studied under the shaking conditions, for instance, the pH of solution was 1.15 by using 1 % HNO 3 , 300 rpm, 10 g L -1 dosage of NF, 30°C and 100 mg L -1 initial Fe 3? ions concentration. Samples were collected at regular intervals and then analyzed after filtration.
The effect of contact time is shown in Fig. 7 . At the initial stage, the removal rate of Fe 3? ion is higher with uncontrolled rate. The initial faster rate may be due to the availability of the uncovered surface area of the NF. This is because the adsorption kinetics depends on: (1) the surface , Temperature = 30°C, agitation speed = 300 rpm and contact time = 180 min) area of the NF and (2) the nature and concentration of the surface groups (active sites), which are responsible for interaction with the Fe 3? ions. Therefore, the adsorption mechanism on NF adsorbent has uncontrolled rate during the first 5 min. The final equilibrium of sorption starts after 90 min yielded a maximum removal of 93 % (approx.). At the later stages, there is slightly increasing removal efficiency within increasing the contact time. This is due to the decreased or lesser number of active sites. Similar results have been reported in the literature for the removal of dyes, organic acids and metal ions by various adsorbents (Kannan and Meenakshisundaram 2002; Kannan and Xavier 2001; Kannan and Kumar 2003) .
Kinetic modeling of Fe 3? sorption
Many attempts have been made to formulate a general expression describing the kinetics sorption on NF surfaces for liquid-solid phase sorption systems. This has led to the existence of a series of kinetic equations that are used to model metal ions transport onto adsorbent surfaces. In order to investigate the mechanism of sorption of Fe 3? ions on NF, the kinetic profiles using pseudo-first order and pseudo-second order are studied.
The pseudo-first-order kinetic model and its integral can be expressed by the following equation (Lagergren 1898; Aksu 2001; Ho and McKay 1999; Zamani et al. 2013) :
where q e and q t (mg g -1 ) are the amounts of adsorbed Fe3? ions at equilibrium and at time (t), respectively, k 1 (min -1 ) is pseudo-first-order rate constant, and t (minuets) is contact time. k l can be determined from the slope of the plot of ln(q e -q t ) versus t. The values of the model parameters k 1 and calculated q e can be determined by plotting ln(q e-q t ) versus t to produce a straight line of slope k 1 and intercept lnqe. The rate constants of pseudo-first order (k 1 ) were found = 0.0283 min -1 for Fe 3? ion adsorption onto NF. The compression of qe values from experimental work (q e , Exp = 0.65 mg g -1 ) of this study and calculated one (q e , Calc = 2.6464 mg g -1 ) of pseudosecond-order kinetic model (difference large) does not show the availability of this model. Furthermore, the degree of goodness of linear plot of these kinetic models can be judged from the value of the coefficient of determination of the plot, which can also be regarded as a criterion in the determination of the adequacy of kinetic model. The coefficient of determination value (R 2 ) is 83 %. Therefore, the fitting of the experimental data to the pseudo-first order was not so good.
If we look only to both Figs. 1 and 3, we can get details from the curves that the adsorption system depends almost on the feldspar adsorbent capacity much more than ferric ion concentration in solution. Again, if we look carefully to Fig. 2 in terms of proportional increase of Fe 3? adsorption rate with increasing temperature, although modest increase, then it can be said that the adsorption system is a chemisorptions system. Thus, these two conclusions lead us to use pseudo-second-order kinetic model and its integral form. This model is expressed by the following equation (Ho and McKay 1999; Ho 2004) :
where k 2 is the equilibrium rate constant of the pseudosecond-order kinetic model (g mg -1 min -1 ). The value of k 2 (=0.0352 g mg -1 min -1 ) can be determined by plotting t/q t versus t to obtain a straight line of slope 1/q e and intercept of 1/(k 2 ) as shown in Fig. 8 . From the determination coefficient value R 2 = 1 (approx.), the adsorption model of Fe 3? ion transport onto NF surfaces is regarded as pseudo-second order. Furthermore, the compression of q e values from experimental work (q e , Exp = 8.85 mg g -1 ) of this study and calculated one (q e , Calc = 8.72 mg g -1 ) of pseudo-second-order kinetic model (difference smaller) also shows the availability of this model.
The kinetics results of this study are compared with others values as listed in Table 3 . Apparently, the pseudosecond-order model was found to be rate limiting, wherein the similar results have been observed using activated carbon (Edwin Vasu 2008) , chitin (Karthikeyan et al. 2005) , chitosan (Burke et al. 2002 and Wan et al. 2005 To determine the diffusibility of the Fe 3? ions into the pores of the adsorbent, Weber-Moris intraparticle diffusion model (Weber and Digiano 1996) was used in the form of the Eq. 12:
where C is constant, q t the amount of metal ions adsorbed at time (mg g -1 ) and kint is the intraparticle diffusion rate constant (mg g -1 min -0.5 ). A plot of q t versus t 0.5 giving straight line confirms intraparticle diffusion sorption as shown in Fig. 9 . Because the plot is not totally linear and do not pass through the origin, intraparticle diffusion could not be the only mechanism involved. Therefore, it, such plot, presents multi-linearity which indicates that two or more steps occur. The first, sharper portion (ca. t 0.5 range from 0 to 0.5 min 0.5 ; i.e., from 0 up to 1 min of adsorption period) is the external surface adsorption or instantaneous adsorption stage. The second portion is the gradual adsorption stage (ca. t 0.5 range from 0.5 to 0.84 min 0.5 ; i.e., from 1 up to 5 min of adsorption period), where the intraparticle diffusion is rate controlled (k int = 5.9296 mg g -1 min -0.5 and R 2 = 0.9993, see Fig. 9 ). The third portion is final equilibrium stage where the intraparticle diffusion starts to slow down due to extremely low solute concentrations in the solution and chemisorptions stage is taken part on the NF surface and pores (which already has been successfully explained by pseudosecond-order kinetic model from 5 to 120 min of adsorption period). (Burke et al. 2002 and Wan et al. 2005) Film diffusion mass transfer rate is presented by Eq. 13: (Boyd et al. 1947) .
where k (min -1 ) is liquid film diffusion constant. A plot of ln 1 À qt qe n o versus t should be a straight line with a slope -k if the film diffusion is the rate-limiting step. It is found that the plot is nonlinear. Therefore, film diffusion mass transfer stage can be considered as rate-limiting step at the first period of adsorption (0-1 min) where k = 7,215 min -1 and R 2 = 0.9564. Finally, we can describe the adsorption mechanism of ferric ion on natural feldspar through three steps: (1) the external surface adsorption or instantaneous adsorption stage within 0-1 min of adsorption period, (2) the intraparticle diffusion stage within 1 up to 5 min of adsorption period and (3) chemisorptions stage and final equilibrium stage within 5-120 min of adsorption period.
Conclusion
Natural feldspar has been found to be effective for the filtrate of ions sorption into NF surfaces in aqueous-solid phase systems are good modeled by pseudo-second order. The chemisorptions of Fe 3? ions on natural feldspar is considered to be the rate-limiting step (R 2 = 1). The kinetic studies show that the adsorption rate is high. This approach can be applied and recommended for purifying ground water resources and industrial wastewater in Jordan by using a novel feldspar material as natural membrane. t 1/2 (min 0.5 ) Fig. 9 Weber-Moris intraparticle diffusion kinetic model for adsorption of iron ion on NF starting from 0 to 120 min equilibrium contact time
